Zoledronate, ibandronate and clodronate enhance osteoblast differentiation in a dose dependent manner--a quantitative in vitro gene expression analysis of Dlx5, Runx2, OCN, MSX1 and MSX2.
Bisphosphonates are widely used in the clinical treatment of bone diseases with increased bone resorption. In terms of side effects, they are known to be associated with osteonecrosis of the jaw (BONJ). There are two groups of bisphosphonates: the nitrogen-containing bisphosphonates, e.g. zoledronate and ibandronate, and the non-nitrogen-containing bisphosphonates, e.g. clodronate. Their impact on bone metabolism seems to differ. The objective of this study was to compare the osteogenic differentiation potency of these two pharmacologic groups. Human osteoblasts were stimulated with zoledronate and ibandronate at concentrations of 5×10(-5) M, 5×10(-6) M and 5×10(-7) M over the experimental periods of 1, 2, 5, 10 and 14 days. Clodronate was applied with concentrations of 5×10(-3), 5×10(-5) M and 5×10(-6) M. At each time point, the cells were dissolved, the mRNA extracted, and the gene expression level of the osteoblast specific differentiation markers of the homeobox transcription factors MSX1 and MSX2, the distal-less homeobox 5 (Dlx5), the Runt-related transcription factor 2 (Runx2/CBF1a) and osteocalcin (OCN) were quantified by Real-Time PCR. The gene expression was compared to an unstimulated osteoblast cell culture as control. The results showed a significant difference between the nitrogen-containing and the non-nitrogen-containing bisphosphonates. Zoledronate and ibandronate at concentrations of 5×10(-5) M enhanced the gene expression of all differentiation markers by several hundred folds compared to unstimulated control after 10 days, whereas clodronate had less influence on gene expression, even at higher concentrations of 5×10(-3) M. Lower concentrations of zoledronate and ibandronate, however, led to a decreased gene expression. These data confirm the results of other studies which have shown the osteogenic stimulus on osteoblasts in a dose dependent manner. The nitrogen-containing bisphosphonates appear to enhance bone density by stimulation of osteoblast differentiation. Non-nitrogen-containing bisphosphonates seem to have less influence on osteoblast differentiation.